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TYPES OF  
WORKFLOWS



WHAT IS A WORKFLOW?
• A connected graph of application executions or phases 
• Coupled together by data flow 
• Phases can be distinguished by many factors 

• Configuration 
• Executable 
• Parallelism 
• Platform 
• Resource/Allocation 
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WHY DO WORKFLOWS ARISE?

• Complexity in Task Structure 
• Simulation -> Analysis 
• Multi-step Simulation -> Multi-step Analysis 
• Parameter Sweeps 

• Compounded by multiple sites/resources 
• Overall campaign management 

Manual management of workflows gives the impression of 
ultimate control over the conducting of experiments, but is in fact 
tedious and error-prone, and is often counter to reproducibility 
(aka provenance)
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WORKFLOW TOOLS

High throughput tools  
• Cluster schedulers/local resource managers (PBS, SGE, 

Cobalt, LSF, LL, SLURM) 
• Condor   

Workflow task dependency managers  
• DAGMan 

Integrated dependency and data management  
• Pegasus  

Dataflow languages  
• Dryad, Ciel, Swift  

Big data solutions   
• Hadoop, Spark, Zookeeper, Uzi 
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WORKFLOW TOOLS (CONT)

Multicore tools  
• GNU Parallel, iPython parallel support 

Interactive workflow frameworks  
▪ Galaxy  
▪ Taverna 
▪ Kepler 
▪ LONI Pipeline (neuroscience)  
▪ Microsoft Workflow manager  
▪ Apache Airavata 
Science gateways 
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WHAT DO WORKFLOW TOOLS 
PROVIDE?
▪ High-throughput Computing (HTC) 
▪ Many-task computing (MTC) 
▪ Parameter Sweeps 

▪ Data Staging 
▪ ~Portability 
▪ High-level flow control 

▪ Error handling and recovery 
▪ Monitoring 
▪ Provenance: Details necessary to produce a given 

result (compiler, libraries, inputs, configuration, etc.)
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EXAMPLE: PROTEIN 
SIMULATION

8
Swift	
  script	
  for	
  protein	
  folding	
  workflow Web	
  interface	
  for	
  viewing	
  workflow	
  outputs



EXAMPLE: HEP EVENT 
SIMULATION

See	
  Tom	
  LeCompte’s	
  talk	
  from	
  Monday

Workflow for simulating events such as occur in the 
ATLAS detector at the Large Hadron Collider 



EXAMPLE: HEP EVENT 
GENERATION

See	
  Tom	
  LeCompte’s	
  talk	
  from	
  Monday

Monte Carlo-based generation of particle collision 
events such as occur in the ATLAS detector at the 
Large Hadron Collider, using Alpgen.

Consists of three stages: 
1. Generation of integration grid 
2. Generation of weighted 

events 
3. Unweighting of events
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HEP EVENT GENERATION

General adaptations for event generation with Alpgen on 
Mira: 
• Read input grid files and configuration files and 

distribute over MPI 
• Use MPI to coordinate per-rank random seeds 
• stdout/stderr from rank 0 only 
• Reduced memory footprint to ~200MB 

• Removed unused proton models loaded into the data 
section of the executable 

• Allows us to run 64 ranks per node
ALPGEN,	
  a	
  generator	
  for	
  hard	
  multiparton	
  processes	
  in	
  hadronic	
  collisions,	
  M.L.	
  Mangano,	
  M.	
  Moretti,	
  F.	
  
Piccinini,	
  R.	
  Pittau,	
  A.	
  Polosa,	
  JHEP	
  0307:001,2003
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For	
  info	
  on	
  script	
  jobs:	
  www.alcf.anl.gov/user-­‐guides/running-­‐jobs

http://www.alcf.anl.gov/user-guides/running-jobs
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Mira

bgq	
  persistent	
  memory
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For	
  info	
  on	
  BGQ	
  persistent	
  memory:	
  www.redbooks.ibm.com/redbooks/pdfs/sg247948.pdf

http://www.redbooks.ibm.com/redbooks/pdfs/sg247948.pdf
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HEP EVENT GENERATION 
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ALPGEN AT MIRA SCALE

▪ Alpgen running on 49,152 nodes of Mira 
▪ Largest Alpgen job ever run: 786B W+5 jet events 
▪ Running jobs at this scale has allowed us to run 

years of event generation jobs in a few weeks
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HEP EVENT GENERATION 
WORKFLOW
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HEP EVENT GENERATION 
META WORKFLOW
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HEP EVENT GENERATION 
META WORKFLOW
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HACC SIMULATION AND 
ANALYSIS WORKFLOWS
• HACC is an nbody simulation code for 

cosmology 
• See Salman Habib’s talk from Monday 

• PDACS: Portal for Data Analysis services for 
Cosmological Simulations 
• Analysis workflow via a Galaxy-based web 

application 
• CosmoTools 

• Analysis in-situ with simulation



HACC SIMULATION AND 
ANALYSIS WORKFLOWS
• HACC is a code for very 

large high-resolution 
cosmological simulations 
• First production science 

code to break 10PFlops 
(sustained)  

• See Salman Habib’s talk 
from Monday



HACC: PDACS WORKFLOWS

▪ Analysis tools wrapped as 
strongly-typed modules 

▪ Users construct workflows 
from modules using a 
graphical tool 

▪ Workflows are executed 
on resources according to 
underlying configuration 

▪ PDACS instances running 
against resources at 
Argonne, Oak Ridge, and 
NERSC

ID



HACC: PDACS WORKFLOWS



HACC: PDACS WORKFLOWS
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HACC - COSMOTOOLS 
IN-MEMORY WORKFLOWS
• Configurable in-situ analysis framework 
• Simulation configuration specifies analyses that should be 

performed between time steps during the simulation, and their 
parameters 

• On execution, particles are passed from the simulation to analysis 
routines for processing 

• When finished, the simulation proceeds to the next timestep 
• Leverages in-memory data 

• before data reduction, potentially the only opportunity to 
analyze this data 

• efficient: avoids the need to subsequently load data from disk 
• Delivers analysis results during (long) simulation run



WHY USE WORKFLOWS?

▪ Simplifies computational campaigns 
▪ Job scheduling 
▪ Data management 

▪ Improves error handling and recovery (retries) 
▪ Provides provenance/reproducibility
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QUESTIONS?
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